Abstract: Ecological research of gamasid mites was carried out in three natural forest ecosystems with Picea abies (1350 m a.s.l.), Abies alba (950-1000 m a.s.l.) and Fagus sylvatica (1200 m a.s.l.) situated in the Bucegi Massif, Southern Carpathians, Romania during [2001][2002][2003]. In the studied forest ecosystems, the taxonomic structure of gamasids was represented by 11 families (Epicriidae, Parasitidae, Veigaiidae, Ameroseiidae, Aceosejidae, Rhodacaridae, Macrochelidae, Pachylaelapidae, Laelapidae, Eviphididae and Zerconidae), with 39 genera and 97 species. The maximum number of species was recorded in the ecosystem with Abies alba (80), followed by the ecosystem with Fagus sylvatica (73), while the minimum in the ecosystem with Picea abies (68). 2,016 samples, 97 species with 23,441 individuals were analysed. In order to show similarities between predator mite populations from these areas, the vegetation and some abiotic parameters of the soil (temperature, humidity, pH) were analysed and described. Similarities between gamasid mite populations from the investigated ecosystems were analysed using the Jaccard index (q). The highest similarity index (q = 0.706) was recorded between gamasids identified in Picea abies and Abies alba forests, at soil level, in comparison with those from Abies alba and Fagus sylvatica forests (q = 0.656). Based on the similarity index, it is discussed that the gamasid population structure was influenced by the type of soil, the specific composition of the herbaceous, shrub and tree layers, the microclimatic factors, all characteristic for each studied ecosystem.
Introduction
Forests cover about 27% of the total area of Romania, out of which 60% are found in the mountains, 24% in the hilly regions and 10% in the plains. Forest composition varies; conifers make up about 30%, beech (pure and mixed stands) 30%, oaks 19%, various hard broadleaved species 14% and the soft broad-leaved ones 6%. A "natural forest" composition model is the main goal of present-day management plans. From 1960 onwards the use of inappropriate native and introduced coniferous species has become a widely practiced forestry method, resulting in ecological problems in artificial forest stands and low wood quality (Borlea 1998) .
The natural forest represents the most favourable habitat for soil mites (Acari: Mesostigmata: Gamasina). Mesostigmata mites are mainly free-living predators (suborder Gamasina), which are feeding on a wide range of invertebrates (nematodes, other mites, springtails). Species composition of Mesostigmata mites in forests depends on the different tree species and environmental conditions. These animals have low tolerance to changes in the soil environment, which makes them good bioindicators in forest ecosystems, especially in natural ones. Because of their narrow ecological range, their presence or absence in the soil can be a good base for describing environmental conditions (Skorupski et al. 2003; Parisi et al. 2005; Gulvik 2007; Bedano & Ruf 2007) . Soil mite communities have a significant role in regulating decomposition and nutrient cycling, influencing the population dynamic of other organisms (Ruf 1997; Koehler 1999) . This study was carried out in order to provide new data about the predator soil mites useful to the Bucegi Natural Park Administration and also to highlight their preferences for a certain type of forest, contributing to the general knowledge about the ecology of this group. The obtained results provide new information concerning similarities between three predator mite populations from natural forests in Romania.
Material and methods
The research was carried out in three types of forest ecosystems situated in the Bucegi Massif from September 2001 to September 2003. The Bucegi Massif is one of the four massifs forming the Transylvanian Alps (Southern Carpathians) in South Central Romania, rising up to 2507 m (Omu Peak). The Bucegi Massif is made of calcareous conglomerates.
The ecosystem with Picea abies (Fig. 1) Similarities between mites from natural forests in Romania very high (Doniţȃ et al. 2007 ). The soil is relatively superficial (30-35 cm), with strong leaching of the litter and the humus layer. The parenteral matter has a very diverse composition
The ecosystem with Abies alba (Fig. 1 ) is situated at 950-1000 m altitude in the Valea Urlȃtoarei valley, on a N-NV exposition slope of 10-15
• (45 • 23. 50.20 N; 25 • 32 00.07 E). This is a highly productive fir forest with mull (mull-moder), situated on brown, eumezobasic and oligomezobasic soils, with Oxalis -Pleurozium; the conservation value, is moderate (Donişȃ et al. 2007 ). The soil is brown, rich in humus and sandy. The parenteral matter is formed by the conglomerates of the Bucegi.
The ecosystem with Fagus sylvatica (Fig. 1 ) is situated at 1200 m altitude on a southern exposition slope of 10
• 20 56.45 N; 25 • 31 24.9 E). This ecosystem is characterized as a highly and medium productive beech forest, with mull, on typical brown soils, eu-and mezobasic, with Oxalis-Dentaria-Asperula; the conservation value is high (Donişȃ et al. 2007 ). The soil is brown eumezobasic with a clayey-sandy fine texture, of medium depth, with superior productivity and a partially damaged horizon A.
The mite samples were collected with a random stratification method, using a 10 × 10 × 10 cm metal core. The layers were separated in the moment of collecting, on the same day, taking into account the macro-morphological criterions in the litter and fermentation layer (OLF) and in the humus layer (OH).
The extraction of the mites was made in 10-14 days by the Berlese -Tullgren method, modified by Balogh (1972) . The samples were kept in a refrigerator till the next extraction. 2,016 samples, 97 species with 23,441 individuals were analysed in total. Counting and identification of the mites were made under a Zeiss binocular and a MC3 microscope using the keys of Ghiliarov & Bregetova (1977) , Karg (1993) , Mašán (2003) , Mašán & Fenďa (2004) and Gwiazdowicz (2007) . Preservation of the gamasid mites was made in an alcohol and glycerin mixture. All identified specimens are deposited in the mite collection of the Institute of Biology -Ecological Stationary from Posada.
Soil samples were collected every month during two years in each ecosystem in order to measure the abiotic factors (temperature, humidity and pH). The measurements were made for each soil layer. Soil pH was measured with a C532 Jasco Consort-ABLaeE pH-meter. Temperature measurements were made with soil and air thermometers.
To measure the relative humidity of the soil, four samples/month/site were collected. The abiotic factors for the whole study period were represented by the average values and the standard deviation.
In order to show similarities between mite populations from the three investigated forest ecosystems, the Jaccard index (q) was calculated using the BioDiversityPro software (McAleece et al. 1997) .
where a = number of species from ecosystem A; b = number of species from ecosystem B; c = number of common species from ecosystems A and B.
Results and discussion
Analysing the soil temperature changes, the highest values were recorded in the ecosystem with Abies alba, followed by those from the ecosystems with Fagus sylvatica and Picea abies. At soil level, the litterfermentation layer was the most favourable habitat (considering the temperature), in comparison with humus ( Table 1) . The main factors which determined the temperature increase in the litter-fermentation layer could be: more intensive decomposing processes, increased level of density of microorganisms and the high quantity of received solar energy (Makulec et al. 2006) .
The highest soil humidity was recorded in the ecosystem with Fagus sylvatica, reflecting the thickness of the litter-fermentation layer, which maintains soil humidity. This fact is due to the soil topography, giving an insulated structure to the first layer, allowing it to reach a thickness of 10 cm. This layer was almost missing in the ecosystem with Picea abies, being often washed out by rains or snow, a phenomenon supported by the steep slope (35 • ). In the fir forest, the high values of soil humidity, in comparison with the ecosystem with Picea abies, were due to precipitation and well developed moss layer which retains the water (the bryophyte layer representing 95%). The lowest humidity was recorded in the humus layer (Table 1) . It was found that some predator species prefer the moss layer, despite of the presence of organic matter. Besides precipitation, soil moisture often depends on a number of factors, the most important is probably temperature (Salmane 2000; Salmane & Brumelis 2008) .
In the ecosystem with Fagus sylvatica the soil was less acid (possibly due to the increased calcium content from litter). There is no significant variation between litter-fermentation and humus layers. In the ecosystem with Abies alba, the soil acidity was lower in comparison with the beech forest, due to the different composition of the plant material. In the ecosystem with Picea abies, the increased acidity of the soil could be due to the composition of the plant material (spruce needles), the increased soil humidity or the presence of micromycetes. In the litter-fermentation layer higher acidity was recorded than in the humus, possibly due to the vegetation composition, the presence of micromycetes, the increased activity of invertebrates and other groups and the higher humidity. In comparison with less acid or basic soils, acid soils have low rates of decomposition (Chiriţȃ 1974; Kooijman et al. 2009) (Table 1 ).
In the studied forest ecosystems, the taxonomic structure of mites was represented by 11 families (Epicriidae, Parasitidae, Veigaiidae, Ameroseiidae, Aceosejidae, Rhodacaridae, Macrochelidae, Pachylaelapidae, Laelapidae, Eviphididae and Zerconidae), 39 genera and 97 species. The highest number of species was recorded in the ecosystem with Abies alba (80), followed by the ecosystem with Fagus sylvatica (73) and the ecosystem with Picea abies (68) ( Table 2) . In other ecological studies on gamasid fauna diversity, 15-140 species were recorded in undisturbed open grassland sites or shrubs ecosystems, 25 in ruderal sites, 100 in dune and agriculture ecosystems, and 90-150 in forest ecosystems (Koehler 1997; Georgescu 1981; Solomon 1982; Salmane 2000 Salmane , 2003 Stȃnescu & Gwiazdowicz 2004; Stȃnescu & Honciuc 2006; Gwiazdowicz 2007; Skorupski et al. 2008 Skorupski et al. , 2009 Kamczyc & Gwiazdowicz 2009; Bedano & Ruf 2010; Salmane & Brumelis 2010) .
The common gamasid species for all three ecosystems represented 46.39% of the total number of identified species, 12.37% of species were common only for the ecosystems with Fagus sylvatica and Abies alba, 9.27% of species were common only for ecosystems with Abies alba and Picea abies, and 3.09% were common only for the ecosystems with Fagus sylvatica and Picea abies. The most abundant species in the investigated forests, in both soil layers, were Paragamasus similis (Willmann, 1953) (Table 2 ). These are eurytopic and euryhygrophilous edaphic detriticole species with a wide ecological plasticity (Mašán & Fenďa 2004; Mašán 2007; Salmane & Brumelis 2010; Mašán & Halliday 2010) .
The highest number of individuals was recorded in the ecosystem with Picea abies, followed by the gamasid population from the forest with Fagus sylvatica. The lowest number of individuals was recorded in the ecosystem with Abies alba. Habitat patchiness and particularly moss patches, correlated with favourable microclimate (increased soil humidity, and temperature) have been associated with higher predatory mite diversity (Salmane & Brumelis 2008) . In contrast, in the spruce forest, a decreased species, but increased number of individuals was recorded. This situation characterizes mite populations from mature spruce forest ecosystems (80-100 years old) (Botnariuc 2003) . Analysing the Jaccard index, it was observed that the highest value of the similarity index was recorded between mite populations from ecosystems with Picea abies and Abies alba. The presence of organic material in the soil caused an increased acidity, determining an abundant population of decomposers (fungivorous invertebrates), which represents the food source for gamasids (Koehler 1999; Ruf 2000) . These conditions were favourable for the development of a characteristic structure of predatory soil mite populations. The common species for the two forest ecosystems were: Gamasodes spiniger (Trågardh, 1910) (Table 2) .
Ecosystems with Abies alba and Fagus sylvatica presented specific environmental conditions (increased temperature and humidity) which created a favorable habitat for 12 common species: Holoparasitus minimus (Holzmann, 1969) Table 2 ). It is possible that the high calcium content from the parental material in the two studied ecosystems was on of the factors that determined a faster descomposition of the organic material and a more intense biological activity. Biomineralization is an important pathway of mineral formation in forest natural environments (Huang et al. 2005) .
In the same period, the lowest similarity index was recorded between gamasid populations from ecosystems with Picea abies and Fagus sylvatica (Fig. 2A) . The common species were: Eugamasus monticolus (Berlese, 1905 ), Iphidozercon venustulus (Berlese, 1917 and Pachylaelaps latior Berlese, 1920 ( Table 2) .
The structure elements of the herb and shrubs layers as well as the specific environmental conditions and the type of soil from each biotope determined characteristic structures of the gamasid populations, influencing the similarity index. Analysing these invertebrates from the first soil layer (OLF) it was found that the highest similarity index was recorded between populations from Picea abies and Abies alba forests. In contrast, the biggest difference between gamasid mite populations was recorded between the ecosystems with Picea abies and Fagus sylvatica (Fig. 2B) .
The different chemical composition of the organic matter could determine the specific structure of soil invertebrate populations. These invertebrates represent the food source for gamasids, determining specific mite communities taking account of the trophical preferences of each group (predators, omnivorous, nematodous) (Skorupski et al. 2009 ). Even though gamasid mites are trophically not directly dependent on dead organic matter, the presence of such material can have an important influence on their prey (mainly nematodes and collembolans) (Bedano & Ruf 2007) .
The differences in the similarity index between gamasid populations from the second soil layer (OH) from the three investigated ecosystems were the same as for the litter-fermentation layer. The highest similarity index was obtained between mite communities from the forests with Picea abies and Abies alba. The Jaccard index was 1.12% smaller than for OLF. The biggest difference in the q index was recorded between gamasid communities from ecosystems with Picea abies and Fagus sylvatica; the index decreased by 0.35% in comparison with the value recorded in the first soil layer (Fig. 2C) . This increased level of similarity between gamasid communities from forests with Picea abies and Abies alba is due to the type of humus (mull-moder), which has a more soft structure, being therefore penetrable for organic elements and other invertebrates (enchytreides, nematodes, springtails, oribatids etc). The mull humus from the soil of ecosystem with Fagus sylvatica has a more compact structure and therefore hardly penetrated by invertebrates (Koehler 1999; Makulec et al. 2006) .
Analysing the Jaccard index, it was shown that there was a high similarity between gamasid populations from ecosystems with Picea abies and Abies alba, due to the same primary producers (coniferous trees) and to the same type of soil (brown, eumezobasic). The similarities recorded between the mite populations from the two soil layers in all three studied forests could be explained by their vertical migration in soil layers, due to the moisture gradients (Metz 1971) .
Conclusions
Making a comparison of the species diversity from three studied ecosystems, we can say that in Abies alba forest, the highest number of gamasid mite species was recorded due to favorable environmental conditions, followed by the Fagus sylvatica forest. In the forest with Picea abies, located at the highest altitude and with the thinnest litter-fermentation layer (due to heavy precipitations), the diversity was the lowest.
The significant similarity between gamasid populations from ecosystems with Picea abies and Abies alba is due to the presence of the same category of primary producers (coniferous trees) and to the same type of soil (brown-eumezobasic).
In all three ecosystems, high values of the Jaccard index were recorded between soil layers. These values could be explained by vertical migration of gamasids, caused by the variation of abiotic factors as soil humidity, temperature and pH.
Using Jaccard index, it was shown that the gamasid population structure was influenced by the type of soil, the specific composition of the herb, shrub and tree layers and by the micro and macroclimatic factors characteristic for each studied ecosystem.
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